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ABSTPiCT 

This paper describes a study that investigated the 
coiianication network efficiency and network efficiency stability of 
four urban high schools, using a *socioietric questionnaire ^nd a 
coiputer-developed coiiunication matrix, forking hypothesis for the 
study w^s that schools with fewer staff leibers would. have lore^ 
efficient and lore stable coiaunicaticn networks. Socioietric data 
were obtained froi questionnaires completed by professional staff 
peibers at four Seattle-area high schools, and a matrix was f cried to 
represent each school's coiiunication network. These latrices were 
then iathe»atically lanipulated to calculate leasures of 
coiiunication efficienc7 and coiiunication network stability for each 
'school. Analysis of the data showed that neither coiiunication 
network efficiency nor network stability was significantly related to 
school size. (inthor/JG) 
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COMHUKICATION NETtJjRi; EFFICIENCY 
A^H) 5FKICIENCV STABILITY IN » 
FOlil URBAi^ SECOiroARY SCHOOI^S 
by 

Richard L. Taylor 



The following article describes a research study funded by a Charles F. 
Kettering, Ltd., I. C. £. grant. Conn.unication network efficiency and 
efficiency stability of four urban secondary schools were exaained, using 
a cK.ciometlc questionnaire and a computer developed coHxunciation matrix. 

hypothesis that schools with fewer staff members would have inore effir 
cle-.t and Dor© stable networks was not substantiated. 
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1 of Rainier Beach High School, Seattle, Washington. 
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COV\'UN I CAT I ON rJETWORK E FF I C I ENCY 
AND EFFICIENCY STABILITY IN 
FOUR URBAN SECONDARY SCHOOLS ^ - 

The study reported here invcfved: (I) the aha lysis of 

> 

communicaticrf network characteristics of four Seattle high schools, 
and (2) comparisons of some of these characteristics among the four 
schools. Two questions were considered; V/hat -happens to 
communication network efficiency' if high communicator ibdividuafs 
are removed from the network; and^/what ccxrjparisons can be made 
between schools of varying size? 

In an earlier study, Taylor (1971), using a comput^- 
q^'perotod co^munj c^ti on r.atr i/, studied the network efficiency o^ 
a +ongH-jd?nri4 ba^Js of one of the schools. A Charges r .*Kett^rf^ 
l-td.', grant w otfalned to continue research jsing other schools 
in the Seattle cirea. It was hv^iptbes i zed that- network, eft iciency 
would vary irom organization to^rgani^at ion and that a k^'y factor 
of this variance would be staf^fsia^ Specifically, it was 
hypothesized that schools wiyrh-^-iawer staff members, woul d have 
nore efficient and more stab\e networks. 

Network and n^t^vork efficiency defyned . 

- A 'coipmunlcation network 'ciDnsists o^ the pal^tern of <jfadfc 
communicatit^ relatroT)ship that exists }/i\fhUyan organization. 
Thus, If Caro\ta I ks, ^fo SotT&iid Bob talks to Ted and Ted talks to 
hiice, a network describing this relationship would look like 



^^^s. --B - T - A. This particular net , is called a chain. ^ 

If, in'addition, Alice talked with Carol the network would look . ' 
like- this: • .This net is called a circle. " 

A— T " - , ■ 

If everyone talked to -Carol but did not talk to any other person 
the net would look like this: ^.^^ • This is a "wheel" net. 

'if -evgryone talked with every other one the net would-look like 

this: \\/\ " This is an "all channel" net. 

T— A ' 

■ r ' 

Net work effici ency 

One network is said to be more efficient than another if 

j ,,wcp iutcnaudiary . li^iks occur between communicants . Thus; the 
■wheel and all channel nets described above are more efficient 
♦..ban .the circle or the- chain. .Ca^^Jt can talk directly to the 

other three in the wheel or* all ' chf nnel but she can' commiinicate 

to Alice iri the chain net only through Bob and. 




Network ef f icienc yi s.tab»lity " 

^ J -'■ ' L 

One other variable was considered ' in this study --.namexy 

network efficiency stability. A network may be sa^ 
stable than another if , when damage occurs to a part of the net, 
the efficiency of the net is reduced less than the other. - ITsiitg 
o.ui^"^xamples: if Carol is removed from the wheel neti^ork, the 
efficiency drops to. zer-o ^vhercas if she is removed from th^- aU, 
cftannel.net the efficiency is unaltered. • ' _ _ 



Matrix representation of soci ographic' data 

Sociographic -representation of communication networks- 
works veil if the number of communicants are relatively small. 
However, as the number of communicants .increases the data be- 
comes more and more -difficult to plot. The computer and the 
•use of matrices 'instead of or in addition to sociograms has 
provided an ansvs-er. to this problem. The use of matrices also 
pjwrdes for the manipulation of the data, using matrix algebra 
^nd as such made the study of efficiency ^^tability possible. 
The steps iuyolved.in this"process~~a5--tli.ey applied to this study 
are described below., ^ , 

■S oclomotVic matrix analysis 

Tlie analysis of the sociometric datV, used in this study 
X^s sugKostod by Festijiger (1949) , "^Luce jand Perry (1949)^, and 
IcsUnscM-; Schacter and Black (1950). McCleary {1957) applied 
, [■•cstinyer's analysis vvith some modification to analyze. th« com- 
\minication nets, in a high school staff. Lin (1968) in studying 
, the communication. characteristics of J:hree elementary schools 
developed a computer program building on F^stinger^s earlier 
methods. 

The method used in this study was as follows: 
1. -Sociometric data were" obtained from the professional 
staff of four Seattle' senior high schools through administration 
of a questionnaire to each school staff. Names of persons were 
elicited from respondents indicating the nature of the commuaica 
tion contacts betiv^en themselves and other professional staff . / 



nenbcrs . . • - ,. ; 

'2. A M X. \* matrix was formed for each school, from these 

data by converting names . to numbers and placing the number of 

each respondent in a column in the left marginof g matrix and 
the numbers of the nominated persons in a row across the top of 
the matrix. The questionnaire required that a respondent react 
to five kinds of contact frequency: several times daily, daily, 
two or three times a w'eek, several times monthly and sevefal 
times a year. For purposes of this, study the matrices w^ere de- 
vc loped u^-inc the daily and several times daily Columns only, r 
This decision \^as ^omewhat arbitrary however'it was surmised that 
<l;iily contact and several times daily contact did, in fact, es- 
tablish, a more than casiual communication relationship.. Put an-, 
other-way, t ).r first two categories arc the only two available^- 

"which' would indicate that information (a message, rumor) could_ 
hi-, ditfused within a day's^TTrRT. k plus\ raark (+) was pla€^-in~-'. 
the row and calumn corresponding to the r^spond^t and the per- 
iions he nominaJted; that is,, if person 5 <rominated persons 1, 3, 
and 4 a plus mark p-} appeared in columns 1, 37~ana^ in the 
,roK numbered 5. Cells corresponding to persons not nominated 
were left ^lank. The . r^sylting matrix was subject to the rules 

-of matrix' mult ipvii-cation. ' ^ 

/ 3., iThe matrrix thus formed -was used to make a symmetrical 
submatrix of mutual choices (person/5 nominated person, 12 .ajid 
person 12 nominated pp^rson .5) . ^ , ' ' , > 

'4. The symmetrical matrix was sa#S<i>. cubed and raised 
to higher powers until' a 50^ saturation t^ltaaatrix was reached 
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These data provided a measure of communication efficiency. ^ 

5. In order to deternine the stability of the net\%'ork 
efficiency a fifth step was included. The matrix obtained in (3) 

»above was examined for high communicators; The first five highest 
communicators v.-cre removed one at a time and step number (4) was 
repeated after e<ich was removed. The symmetrized matrices thus 
formed provided a saturation index which indicated_aj drop -in — 
saturation as a result of the removal _of persons from the matr,ix. 

.The amount of drop per person removed provided an indication of,., 
rfetwark stability. A further step but not a part of this research 
javolved converting the symmetrized matrix data to sociographic 
data of departmental subgroups. The^edata were shared^vith the 
M . , ' ~ ' ' ' 

It" ' ■ ' ■ ' ' ' . -. ■"' 

^isini- a matrix to higher powers Vin communication, 

LV-rms -iiuliciTlos 'that "n" conimunication steps exist- tetween any 
two individuals where "n" equals , the power of^ the matrix. 
«Thus a squ.iii-a matrix indicates two step connections between 
i.ul.ividu..ls. That is if 'a! contacts lb' aiid 'b'- contacts 
'G ' "a" may bo said to have contact with 'cT' ift- two s-teps . 
Or' -a- may be said to be related to 'C thr^ough one interme- 
diary (V matrix of power n.may be considered ttr rndxcate the 
II- 1 interncdiarics between any two individuals.). Thus a raatripc 
raised tt)- the Tifth power indicates a five step relationship 
between any two people or that two people are connected through 
ffiur intermediaries. . \ 

I * - 

A saturaHon index indicates the eff ici^cy- of _tl^e conC 
munication structure. (One hundred percent , saturat ion coi^ld 
be reached by raising. the matrix to .higher; and higher powers if. 
no isolates exist' in the otganizatipn. ) Anr ttrgani zation which 
reaches saturation with fewer power iterat loTts. may h.e said cO 
be amorc efficient communication system than oft« with more 
power iterations. Or, more appropriate fpr this sttidy, an 
organization requiring fewer power iteration^- at one time than 
at another, may be said to be more efficient, at that tiJfie^ 
Charters (19691 suggested that it is not necessary t« rai^ the. 
matrl^to 100»/satSration in order to pb^ain a saturation index._ 
He indicated -that an arbitrary cut off o|f a lower saturation 
percentage would be equally useful and I'ess costly. A 501 cut • 
off level was . selected foT^ Ahas study. | ; 




participiiag :schools to be used as communication; feedback. ^. 

6. The data, from the four schools were .compared with 
respect to conmunicatioii network efficiency and network efficiency 
sta-billty. • ' . ' . 

f > 

Limitations- o f the -study . " • ^ 

The study is limited in several aspects: 
i. The study is primarily descriptive and as "such per- - 
haps a case study approach dealing with more variables than^ , 
■ s^tafT^sizc would have he&n appropriate. 

\ > 2. It was not possible to apply either parametric or 

nonparamctric tests of difference to the data because the num- 
hcv of schools sampled v^as small: This limifation may change 
howovci as the data^ from subsequent research is available. 

5. The measure of communication efficiency -stabilrty 
involves a furely m(?chanical process which may have more va- 
lid^iT^for analyzing inanimate networks i.e. electrical or 
hvdraulic nets rather than human communication nets- It may 
bo, f(^r_iiistance,-that as a given -high communicator is removed 
from an organization, ' adj>stments to that lo^ may take place -y 
wh^ich would adjust to^or^ossibly improve the overall sta^HrTty 
of the nets. 




Results of the Study 



Thj^ Yesults, of , the study are reported here in two 
general categories: communication efficiency and com^runicratioa 
stability. 
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Comraunication efficiency . l i 

All four schools, required at le^st three multiplicatirCns 
*of the symmetrized matrices to. reach 50% satura tion and one^ 
school requirsd- fdur. The Results after t.hree~iitatri*-m^ltipli - 
cations are' shown below:- ' • 



r • 



•P.ercent of Number of 

School Saturation Respondents 

A 67 .58 

. B , 41 74 

■„ C 63 JJ^' 

t . 67 77 



' -It' is* apparent from the tableHhat school size for the 

• school/sampled diid not provide an indicator of network ef-ficiency 
* l5o%' School A (the smallest School) and School D (the largest 

sfhool) had a\6J% ^atui^tlon after three multiplications of the > 

" ■ > ' . - - - - _ - - - 

•matrices. Schools and C while very similar (N=74 and N=.75) in 
staff size had widfeiy varying satuV^tion -indiues (4rs ai>d 631) . 
a Ctcr- 'threc multiplications: . _ " « 

Communlcnt ion " off iciency stability 

The mean 4i?<Sp in saturation per communicator removed was 
computed, for eadh' school. Thaf is,.as a high cbmmunicato.r -was. 
removed from esch matrix .th^' mean ' drop in n\atrix - satui^tion per 
' lYidividual removed was, determined: These means ' provided''an indi 
catVr of nc^vork stability: . .. 



School A." 4.47% drop per individual removed; 

School. .B r, 2.4% , 'i,^ . " 

SchoDi €4- 3.0% " • . „ 

S<;hOol D - '5.01 \ ,• " . J. . 



• . Discussion - ' ^ > . ^ 

It^'was hypothesized that smaller schools .would, have more . 
efficient and morTTtible communication networks: The data ob- ^ 
tained from this study did,not bear this out. In actuality. ; N 
Sc^iool D (the' largest in\the sample) had as efficient a network 
system.as School A {the sm'all*est school). NetWork s1,ability • . 
indicatqrs likewise bore no relationship 'to scJtool size. The . 
smallest -school (A) had the largest drop in efficiency. The. 
school with the least drop (School B) had a very low saturation 
percentage at the three-step le-vel however the percent drop per 
individual , removed. wa°s the lowest of the four schools. 

Th^s wfiter believes -that at least ttvo significant con-^^, 
elusions can be asserted as a rosul t of; the study: (.U'com-- 
muijicatious network data can be obtained at little cost, and > 
(2) (at least for this study) school- si ze , alone is not predic- 
tive of network efficiency or networlc efficiency stability. 

- - The percentage of individuals resppnding to the ques- 
tionnaire in^the schools- studied was either TaOl or close to it. 
Admihis'trators reported little difficulty in collecting completed 
questionnaires. The Cost per computer run varied, however, a 
printout of the communication matrix for the Largest sehool was 
less- than ten dollars: Key. punching of th^ data rah as high as 
\Wty. dollars for the Jargest, school, '^hese costs could beo ^ 
.'"further redaoed" if mark-sense questioijixairWwere developed. 
Even so,-, it seems that data indicating comnunic'ati^ nets . in- 
dividual isolates, lsol£^te groups 'and liaison persons arc„f;^sily 



'obtained and' with relatively little cost. . • ' 

It 'is apparent from the schools • studied that s^chool.size 
was not a significant. factpr in determining network efficiency 
or efficiency.-s-ta^ility . This should- •not -be taken .to mean, how- 
9ver,o that' school size is ^ unimportant . il: is probable that 
school size along with several other variables InTeract in dif- 
ferential ways "depending on the characteristics Of the several 
variables. The largest school, .for instance, has a hpmogeneous 
white student population, has en^'oyed a stable leadership and. 
teaching staff -and has attempted several .curricul^r and organi- 
/ational changes* on a school-wUde basis . • ' , 

The smallest school has an int?r-racial student popula- 
tion (has. had racial unrest), a stable teacher pop ul action, a 
Kfcat aeal of administrative turnover^' and a different history 
of school -wide curricjilar or organizat icfnal Change,. 

Several questions semappropri^ate. a^ a result of the 

s tudy : / * . • 

* 1.' To what extent do the .results/of this , study describe 

'a more general population of schools? C 

2. Is efficiency stability a function. of tommunicatipn 

efficiency? 

, 3. What h-appens to communication network efficiency 
smaller and smaller. or larger and larger schools ate studied? 

One final observation: It seems to. this, writer • that re- 
search using computerized sociometric data may have (as they 4ay) 
a lot. going for it. The. cost is not prohibitive and the data 
a5rd>' easily collectible . There is a need for mUch -morc^research 
to be done. . a , ^ 
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